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Proton  conducting  BaCe0.9  Y0.i  03-x  (BCY10)  thick  films  are  deposited  on  cermet  anodes  made  of 
nickel-yttrium  doped  barium  cerate  using  electrophoretic  deposition  (EPD)  technique.  BCY10  powders 
are  prepared  by  the  citrate-nitrate  auto-combustion  method  and  the  cermet  anodes  are  prepared  by  the 
evaporation  and  decomposition  solution  and  suspension  method.  The  EPD  parameters  are  optimized  and 
the  deposition  time  is  varied  between  1  and  5  min  to  obtain  films  with  different  thicknesses.  The  anode 
substrates  and  electrolyte  films  are  co-sintered  at  1550  °C  for  2  h  to  obtain  a  dense  electrolyte  film  keeping 
a  suitable  porosity  in  the  anode,  with  a  single  heating  treatment.  The  samples  are  characterized  by  field 
emission  scanning  electron  microscopy  (FE-SEM)  and  energy  dispersion  spectroscopy  (EDS).  A  prototype 
fuel  cell  is  prepared  depositing  a  composite  Lao.8Sro.2Coo.8Feo.2O3  (LSCF)-BaCe0.9Yb0.i  03_5  (lOYbBC)  cath¬ 
ode  on  the  co-sintered  half  cell.  Fuel  cell  tests  that  are  performed  at  650  °C  on  the  prototype  single  cells 
show  a  maximum  power  density  of  174  mW cm-2. 

©  2009  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

The  reduction  of  the  operating  temperature  of  solid  oxide  fuel 
cells  (SOFCs)  below  700  °C  (intermediate  temperature,  IT)  allows 
the  use  of  low  cost  and  durable  sealant  and  interconnects,  yields 
faster  start-up  times  for  portable  use,  increases  stability,  and  dimin¬ 
ishes  excessive  power  consumption  requested  by  high  temperature 
SOFC  operation  [1-4].  However,  the  electrolyte  conductivity  and  the 
efficiency  of  fuel  cells  are  significantly  reduced.  One  possible  solu¬ 
tion  to  this  issue  is  to  decrease  the  electrolyte  thickness,  thereby 
resulting  in  its  internal  resistance  reduction  [5,6]. 

Recently,  many  considerable  efforts  have  been  made  to  produce 
thin  and  thick  electrolyte  films.  Various  deposition  techniques  have 
been  exploited  such  as  physical  vapor  deposition  (PVD)  [7,8],  chem¬ 
ical  vapor  deposition  (CVD),  combustion  chemical  vapor  deposition 
(CCVD)  [9],  electrochemical  vapor  deposition  (ECVD)  [10,11]  or 
plasma  technologies  [12].  Dense  films  of  yttria-stabilized  zirconia 
(YSZ)  electrolyte  were  successfully  deposited  on  calcia-stabilized 
zirconia  porous  [10]  or  non-porous  [12]  tube,  and  on  NiO-doped 
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ceria  pellet  [11],  but  all  these  techniques  have  the  drawbacks  of 
requiring  extreme  experimental  conditions,  such  as  high  tempera¬ 
ture  and  very  low  pressure,  together  with  sophisticated  and  costly 
equipment.  Moreover,  these  techniques  can  only  be  used  with  a 
restricted  number  of  ceramic  materials  and  restricted  substrate 
shape. 

Electrophoretic  deposition  (EPD)  has  been  recognized  as  a  sim¬ 
ple,  rapid  and  reproducible  coating  technique  that  has  a  huge 
potential  for  economic  manufacture  of  dense,  gas  tight,  and  thick 
films  [13].  However,  EPD  is  still  not  a  widespread  method  for  depo¬ 
sition  of  dense  electrolyte  films  for  SOFCs,  even  though  it  has  been 
already  used  for  deposition  of  oxygen  ion  conductor  electrolytes  on 
anode  or  cathode  porous  substrates  [14-19]. 

Two  main  issues  have  to  be  solved  for  successful  EPD  of  dense, 
uniform,  and  crack-free  thick- films:  the  choice  of  the  suspension 
medium,  which  can  stabilize  the  dispersion  of  electrically  charged 
particles,  and  the  optimization  of  the  conductivity  properties  of 
the  substrate.  Different  organic  solvents  have  been  tested  as  sus¬ 
pending  media,  like  benzene,  ketones  or  iodine  added  acetone 
[13,20,21].  Metallic  substrates  [15]  or  thin  graphite  layers  decom¬ 
posed  during  sintering  [16]  have  been  used  as  conductive  substrates 
for  deposition,  despite  they  are  not  properly  suitable  for  SOFC 
applications.  Typical  green  or  pre-sintered  NiO-YSZ  substrates  for 
anode-supported  SOFCs  are  not  conductive  at  room  temperature. 
Nevertheless,  optimizing  their  microstructure  and  porosity  [13]  or 
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adding  graphite  both  as  porogen  and  electronic  conductor  [19,22], 
it  is  possible  to  achieve  a  green  anode  conductivity  value  adequate 
for  EPD  deposition. 

In  this  work,  EPD  was  developed  to  obtain  dense  films  of 
BaCeo.9Yo.1O3_*  (BCY10)  protonic  conductor  on  optimized  green 
nickel-yttrium  doped  barium  cerate  (NiO-BCYlO)  anode.  EPD  sus¬ 
pension  was  made  up  of  BCY10  powder  and  iodine-dissolved 
acetylacetone  solvent  without  any  binder  or  dispersing  agent.  The 
anodes  were  prepared  by  a  liquid  mixture  technique  mixing  binder, 
NiO-BCYlO  cermet  powder  and  graphite  in  water  [23].  Cathodic 
electrophoretic  deposition  process  was  performed  at  constant  volt¬ 
age  varying  the  deposition  time  and  thus  obtaining  films  with 
different  thicknesses.  The  substrates  with  deposited  BCY10  films 
were  slowly  dried,  to  avoid  the  formation  of  cracks,  then  pre-fired  at 
1000  °C,  and  finally  sintered  at  1550  °C.  The  optimized  co-sintering 
process  of  substrate  and  deposited  film  ensured  to  get  homoge¬ 
neous,  dense  thick  films  coupled  to  anodes  with  suitable  porosity. 
Single  cells  were  prepared  by  adding  a  composite  cathode  mate¬ 
rial  [24]  and  cell  tests  were  performed  for  the  first  time,  to  the  best 
of  our  knowledge,  on  single  protonic  fuel  cells  prepared  by  EPD 
method. 

2.  Experimental 

2.1  Preparation  of  BCY10  powder 

The  protonic  conductor  material  was  prepared  by  citrate-nitrate 
auto-combustion  method  using  Ba(N03)2  (Aldrich,  99.999%), 
Ce(N03)2-6H20  (Aldrich,  99.999%)  and  Y(N03)2-6H20  (Aldrich, 
99.9%)  as  starting  reactants  and  citric  acid  as  combustion  fuel. 
This  synthesis  has  been  described  in  details  elsewhere  [25].  The 
obtained  powder  was  fired  at  1000  °C  for  10  h  and  characterized 
by  X-ray  diffraction  (XRD,  Philips  X’pert  D500)  analysis  and  field 
emission  scanning  electron  microscopy  (FE-SEM,  Leo  Supra  1250). 

2.2.  Substrate  preparation 

To  get  uniform  distribution  of  NiO  grains  in  BCY10  ceramic, 
NiO-BCYlO  composite  powders  were  prepared  by  using  a  wet- 
chemical  route  [23].  The  starting  reactants  were  Ni(N03)2-6H20 
(Aldrich,  99.99%)  and  BCY10.  The  weight  ratio  between  Ni  and 
BCY10  was  set  to  1 : 1.  The  resulting  powders  were  milled  in  an  agate 
mortar  and  calcined  at  1000  °C  for  5  h. 

The  anode  slurry  was  prepared  mixing  PVA  (polyvinyl  alcohol, 
Aldrich,  99.9%),  NiO-BCYlO  cermet  powder  and  graphite  powder 
(<20  |jim,  Aldrich)  in  water.  Anode  preparation  has  been  described 
in  details  elsewhere  [23].  The  weight  ratio  between  NiO-BCYlO, 
graphite,  and  PVA  was  70:25:5,  respectively.  Cylindrical  pellets  with 
a  diameter  of  13  mm  and  a  thickness  of  about  0.7  mm  were  uniax- 
ially  pressed  at  150  MPa  and  used  as  electrically  conductive  anode 
substrates. 

2.3.  Suspension  preparation 

EPD  suspension  was  made  up  of  BCY10  powder  and  iodine- 
dissolved  acetylacetone  solvent  (Aldrich).  The  concentration  of 
BCY10  powder  and  iodine  in  acetylacetone  was  optimized  by  trial 
and  error  approach  and  fixed  to  8  and  0.37  gL_1,  respectively. 
Among  several  investigated  solvents,  iodine-dissolved  acetylace¬ 
tone  was  found  to  be  the  best  in  terms  of  suspension  stability  and 
deposition  features. 

Iodine  was  used  to  positively  charge  the  BCY10  particles  since 
protons  were  formed  according  to  the  following  reaction  [15]: 

CH3COCH2COCH3  +  2I2*>  ICH2COCH2COCH2I  +  2r +2H+  (1) 


This  reaction  of  iodine  affects  the  suspension  properties,  such 
as  its  conductivity  [26].  Thus,  several  suspensions  were  treated  for 
1  h  in  an  ultrasonic  bath  and  then  steadied  for  different  times  rang¬ 
ing  from  1  to  96  h.  The  sediments  were  always  removed  from  the 
suspension  to  keep  only  the  smaller  BCY10  particles  suspended  for 
the  EPD  process.  The  best  deposition  in  terms  of  homogeneity  was 
obtained  by  using  the  suspension  steadied  for  72  h.  Differently  from 
many  EPD  processes  where  the  addition  of  suitable  additives  are 
required  [17,27],  no  binders  or  dispersing  agents  were  used  in  our 
investigation  to  avoid  possible  contamination  of  the  electrolyte. 

2.4.  Deposition  procedure 

Cathodic  electrophoretic  deposition  process  was  performed  at 
a  constant  voltage  varying  the  deposition  time,  by  using  a  high 
voltage  dc  power  supply  unit  (BIO  RAD,  PowerPack  1000). 

Fig.  1  shows  a  schematic  view  of  the  home-made  EPD  set-up. 
The  anode  substrate  of  NiO-BCYlO  was  fixed  by  a  setscrew  and 
connected  to  the  negative  output  of  the  power  source  using  a  steel 
electrode.  A  second  steel  electrode,  mounted  in  parallel  to  the  other, 
was  connected  to  the  positive  output.  The  distance  between  the 
positive  electrode  and  the  anode  substrate  was  fixed  to  15  mm.  The 
anode  substrate  was  exposed  to  the  EPD  suspension  through  a  cir¬ 
cular  window  arranged  on  the  PVC  divider.  The  anode  substrate  and 
the  PVC  divider  were  mechanically  sealed  to  prevent  any  leakage 
of  the  suspension  into  the  dry  part  of  the  vessel. 

As  the  constant  voltage  was  applied,  positively  charged  parti¬ 
cles  of  BCY10  were  deposited  on  the  anode  substrate.  The  substrates 
with  deposited  BCY10  films  were  slowly  dried  at  room  temperature 
[28],  to  avoid  the  formation  of  cracks.  After  drying,  samples  were 
pre-fired  at  1000  °C  to  burn  all  graphite  powder  and  then  sintered 
at  1550  °C  for  2  h,  using  a  heating  ramp  of  3  °C  min-1 .  During  sinter¬ 
ing,  the  deposited  BCY10  films  were  covered  with  a  BCY10  pellet  to 
protect  the  EPD  deposited  films  from  barium  evaporation  at  tem¬ 
peratures  above  1200  °C.  After  sintering,  the  diameter  of  deposited 
electrolyte  was  7.95  mm  and  the  thickness  of  anode  was  0.45  mm. 

XRD  analysis,  FE-SEM  observations,  and  energy  dispersion  X-ray 
(EDAX,  INCA  Energy  300)  analysis  were  used  to  analyze  the  crystal 
structure,  morphology,  and  chemical  composition  of  the  sintered 
films  and  anodes. 

2.5.  Fuel  cells  preparation  and  testing 

Hydrogen-air  fuel  cell  experiments  were  carried  out  at  600 
and  650  °C.  The  single  cells  were  prepared  by  brush  painting  the 
cathode  powders  mixed  with  a  commercial  screen-printing  oil  on 
BCY10  dense  film  and  then  firing  at  1100  °C  for  2h.  Composite 
cathode  powders,  Lao.8Sr0.2Co0.8Feo.203  (LSCF)-BaCeo.gYbo.i03_5 
(lOYbBC),  were  used,  specifically  optimized  for  BCY  proton  con¬ 
ductor  electrolyte  [24].  The  diameter  of  cathode  active  area  was 
6mm  (A  =  0.283  cm2),  which  is  smaller  than  the  electrolyte  diam¬ 
eter  (7.95  mm).  We  choose  a  smaller  diameter  to  avoid  a  short 
circuit  contact  between  cathode  and  anode  during  the  cathode 
painting  procedure.  The  thickness  of  the  cathode  was  80  ±  5  p,m. 
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Fig.  2.  XRD  pattern  (a)  and  SEM  micrograph  (b)  of  the  BCY10  powder  calcined  at  1000  °C  for  10  h. 


Fig.  3.  SEM  micrographs  of  the  cross-sections  of:  EPD  1  (a),  EPD  2  (b)  and  EPD  3  (c)  BCY10  films  on  NiO-BCYlO  anode  substrate,  co-sintered  at  1550  °C  for  2  h. 


Gold  wires  were  fixed  with  a  drop  of  platinum  paste  ( Engelhard  - 
Clal)  on  the  top  of  the  anode  and  cathode  and  used  as  current 
collectors.  For  the  fuel  cell  tests,  the  samples  were  mounted  at 
the  end  of  an  alumina  tube  using  a  gas  tight  ceramic  paste  seal 
(Aremco,  552).  The  anode  was  exposed  to  wet  hydrogen  (3vol.% 
H20)  while  the  cathode  was  exposed  to  ambient  air.  The  elec¬ 
trochemical  measurements  were  performed  using  a  multichannel 
potentiostat  VMP3  (Princeton  Applied  Research).  The  impedance 
was  measured  in  the  frequency  range  of  500  kHz-0.1  Hz  with  the 
signal  amplitude  of  10  mV  under  open-circuit  condition.  The  cell 
was  equilibrated  at  open-circuit  for  about  10  min  before  the  elec¬ 
trochemical  impedance  spectroscopy  (EIS)  measurement. 

3.  Results  and  discussion 

Fig.  2(a  and  b)  shows  the  XRD  pattern  and  FE-SEM  images 
of  the  BCY10  powders,  respectively.  The  citrate-nitrate  auto¬ 
combustion  method  allowed  us  to  obtain  BCY10  powders  with 
a  single  orthorhombic  phase  (JCPDS  81-1386)  and  a  sponge-like 
microstructure  with  an  average  grain  size  of  less  than  100  nm. 

By  using  the  suspension  based  on  the  BCY10  nanopowders,  elec¬ 
trophoretic  deposition  was  carried  out  at  a  constant  voltage  of 
40  V  with  a  deposition  time  varying  from  1  to  5  min  (Table  1)  on 
NiO-BCYlO  anode  substrates.  The  working  conditions  and  the  cur¬ 
rent  values  measured  during  the  deposition  are  reported  in  Table  1, 
together  with  the  labeling  of  the  samples  prepared. 

Fig.  3(a-c)  shows  the  SEM  micrographs  (cross  sections)  of  the 
co-sintered  EPD  1,  EPD  2,  and  EPD  3  films  on  the  anode  substrate. 
The  BCY10  deposited  films  were  dense  and  the  anode-electrolyte 
interface  showed  a  good  interfacial  adhesion.  Regarding  the  anode 

Table  1 

Parameters  of  constant  voltage  electrophoretic  deposition. 


substrates,  it  was  checked  that  the  NiO  particles  were  well  dis¬ 
persed  in  the  BCY10  matrix  and  that  a  continuous  network  of  BCY10 
was  formed.  The  anode  macroporosity  required  for  gas  permeation 
was  also  clearly  noticeable. 

By  increasing  the  deposition  time  from  1  to  5  min,  a  film  thick¬ 
ness  growth  from  6.2  to  13.4  [xm  was  observed,  as  reported  in  Fig.  3. 
The  thickness  of  deposited  films  was  measured  at  different  loca¬ 
tions  along  the  cross-section  of  individual  samples.  The  average 
values  were  plotted  versus  time  and  a  linear  trend  was  noticed,  as 
shown  in  Fig.  4.  These  results  are  in  agreement  with  some  literature 
data  on  EPD  of  other  materials  [29]. 

Fig.  5(a  and  b)  shows  the  SEM  micrographs  (top  view)  of  EPD 
1  and  EPD  3  samples.  Sintered  nanometric  grains  were  obtained 
for  both  BCY10  films.  The  EPD  deposition  time  did  not  significantly 
affect  the  shape  and  dimension  of  the  BCY10  grains.  The  only  slight 


Fig.  4.  Influence  of  the  deposition  time  on  the  deposited  film  thickness.  For  each 
sample  average  values  are  reported,  together  with  minimum  and  maximum  values. 
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Fig.  5.  SEM  micrographs  (top  view)  of  EDP  1  (a)  and  EDP  3  (b)  films  co-sintered  at  1550 °C  for  2  h. 


Fig.  6.  XRD  patterns  of  EPD  3  film  (a)  and  NiO-BCYlO  anode  substrate  (b)  after  sintering  at  1550  °C. 


difference  in  morphology  was  the  porosity.  Comparing  Fig.  5(a)  and 
(b),  it  was  seen  that  with  the  shorter  deposition  time  the  larger 
porosity  with  bigger  pinholes  and  micropores  was  obtained.  If  the 
deposition  time  was  too  short  (1  min),  an  incomplete  and  thus  not 
uniform  deposition  was  obtained,  leading  to  the  formation  of  pores 
during  the  sintering  process.  On  the  other  side,  for  a  longer  depo¬ 
sition  time  (5  min)  a  thicker  and  thus  smoother  and  denser  deposit 
could  be  obtained. 

Fig.  6(a)  shows  the  XRD  pattern  of  EPD  3  film  of  BCY10  while 
Fig.  6(b)  shows  the  XRD  pattern  of  the  NiO-BCYlO  anode  substrate, 
both  after  the  sintering  process.  It  was  confirmed  that  the  dense 
BCY10  electrolyte  film  was  pure  showing  its  typical  orthorhombic 
phase.  Thus,  the  evaporation  or  degradation  of  BCY10  film  during 
the  sintering  process  was  successfully  avoided.  Regarding  the  anode 
substrate,  the  NiO  (JCPDS  74-1299)  and  BCY10  (JCPDS  81-1386) 
phases  could  be  observed  without  any  secondary  phase. 


Fig.  7.  SEM  micrograph  (cross-section  view)  of  Ni-BCYlO/BCYlO/LSCF-lOYbBC  fuel 
cell,  after  electrochemical  measurements. 


All  these  findings  clearly  show  that  the  optimized  co-sintering 
process  of  the  EPD  electrolyte  film  deposited  on  the  green  anodic 
substrate  ensured  to  get  homogeneous,  fully  dense  BCY10  thick 
films  preserving  a  suitable  porosity  within  the  anode  substrates, 
despite  the  high  sintering  temperature. 

According  to  these  results,  the  NiO-BCYlO/EPD  3/LSCF-10YbBC 
cell,  with  a  13.4  p,m  BCY10  electrolyte  thick  film,  was  chosen  for 
preliminary  fuel  cell  tests.  Fig.  7  shows  the  SEM  cross  section  micro¬ 
graph  of  the  single  cell  after  measurements.  The  three  material 
components  of  the  fuel  cell  are  clearly  identified  in  the  image.  Both 
cathode-electrolyte  and  the  anode-electrolyte  interfaces  showed 
good  interfacial  adhesion.  The  EPD  deposited  BCY10  thick  film  was 
fully  dense,  while  the  cathode  showed  a  porous  microstructure 
and  submicrometric  grain  size.  The  anode  confirmed  its  macro- 


Fig.  8.  I-V  curves  and  power  density  output  of  Ni-BCYlO/BCYlO/LSCF-lOYbBC  cell 
measured  at  600  and  650  °C  in  hydrogen-air  fuel  cell  experiments. 
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Fig.  9.  Typical  complex  impedance  plane  plot  of  the  Ni-BCYlO/BCYlO/LSCF-lOYbBC 
fuel  cell  measured  at  650  °C  in  wet  H2  (3  vol.%  H20). 


porosity  necessary  for  fuel  diffusion  and  continuous  connections 
between  Ni  and  BCY10  grains  that  assure  uninterrupted  pathways 
for  electronic  (Ni)  and  ionic  (BCY10)  conduction  in  the  anode  pel¬ 
let. 

Fig.  8  shows  the  I- V  and  power  density  output  curves  that  were 
obtained  by  exposing  the  anode  to  wet  H2  and  the  cathode  to 
ambient  air  at  600  and  650  °C.  The  measured  open-circuit  volt¬ 
ages  (OCV)  were  0.98  and  0.91V  at  600  and  650  °C,  respectively, 
which  were  89%  and  85%  of  the  theoretical  values  at  600  and 
650  °C,  respectively.  This  fact  could  be  attributed  to  the  existing 
small  pinholes  that  do  not  fully  prevent  gas  leakage  through  the 
BCY10  film,  as  shown  in  Fig.  5(b).  Nevertheless,  the  OCV  decreased 
more  with  increasing  the  operating  temperature.  At  temperatures 
above  650  °C,  it  is  well  known  that  ambipolar  conductivity  can 
be  present  in  BCY  materials  [30-32],  which  might  also  affect  the 
decrease  in  OCV  measured  at  650  °C.  Flowever,  a  very  promis¬ 
ing  performance  was  obtained  both  at  600  and  650  °C,  since  the 
maximum  power  densities  were  150  and  174mWcm-2,  respec¬ 
tively. 

Electrochemical  impedance  spectroscopy  (EIS)  measurements 
were  carried  out  in  fuel  cell  measurement  conditions  at  OCV, 
at  600  and  650  °C.  Fig.  9  shows  a  typical  complex  impedance 
plot  of  the  Ni-BCYlO/BCYlO/LSCF-lOYbBC  fuel  cell  in  wet  H2 
(3  vol.%  H20),  measured  at  650  °C.  The  cell  impedance  at  OCV 
is  typically  characterized  by  a  larger  arc  at  low  frequencies  and 
smaller  arc  at  intermediate  frequencies.  This  indicates  that  at  least 
two  different  electrode  processes  corresponding  to  the  high-  and 
intermediate-  frequency  arcs  exist.  The  typical  electrode  polariza¬ 
tion  resistance  (ftpoi)  and  ohmic  resistance  (Rohm)  of  the  cell  are 
defined  as  the  difference  between  the  low  and  high  frequency 
real  axis  intercepts  in  the  complex  impedance  plane  plot,  and  the 
high  frequency  real  axis  intercept,  respectively  [33  ].  The  impedance 
pattern  shows  that  the  total  cell  resistance  (Rtot)  at  650  °C  is  deter¬ 
mined  primarily  by  ohmic  resistance.  The  Rohm  value  at  650  °C 
is  0.99  £2  cm2  and  Rpol  is  0.39  £2  cm2.  While  the  relatively  low 
value  of  ftpoi  shows  good  electrodes  performances,  the  high  value 
of  Rohm  shows  the  existence  of  undesired  ohmic  losses  in  the 
cell.  Based  on  the  BCY10  protonic  conductivity  of  ~0.01Scm-1 
at  650  °C  [34],  the  ohmic  resistance  of  the  13.4  pun  thick  film  is 
estimated  to  be  ~0.13  £2  cm2.  The  large  difference  in  ohmic  resis¬ 
tance  (~0.86£2cm2)  is  probably  due  to  the  additional  contact 
resistance  at  the  LSCF-YbBC/BCY  interface  and  the  Ni-BCY/BCY 
interface  as  well  as  that  at  the  electrodes  and  current  collector 
interface. 


4.  Conclusions 

BCY10  films  having  thickness  smaller  than  15  p,m  were  suc¬ 
cessfully  deposited  on  a  green  NiO-BCYlO  composite  anode  by 
electrophoretic  deposition.  The  starting  suspension  was  composed 
of  BCY10  nanopowders  and  iodine-dissolved  acetylacetone.  A  co¬ 
sintering  of  the  electrolyte  and  anode  substrate  at  1550  °C  allowed 
us  to  obtain  dense  electrolyte  films  preserving  a  suitable  porosity 
within  the  cermet  anode,  despite  the  severe  sintering  temperature. 
Preliminary  hydrogen-air  fuel  cell  tests  using  a  composite  cathode 
based  on  commercial  LSCF  and  BaCe0.9Yb0.iO3_5  showed  a  promis¬ 
ing  performance:  a  maximum  power  density  of  174mWcm-2  was 
measured  at  650  °C.  These  preliminary  results  show  that  there  is 
plenty  of  space  to  enhance  the  power  density,  and  further  work  is 
now  in  progress  to  improve  the  anode  and  cathode  composition 
and  microstructure,  and  optimize  the  EPD  parameters  to  obtain 
further  thinner  and  denser  electrolyte  films.  Also,  further  optimiza¬ 
tion  of  compatibility  between  electrodes  and  electrolytes  should 
be  done  with  an  aim  to  decrease  the  interface  contact  resistance, 
which  could  result  in  the  improvement  of  the  fuel  cell  power  den¬ 
sity. 
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